Abstract Consider the differential equation curl
Introduction
Consider the differential equation The essence of these two theorems is that a differentiable vector field satisfying (1.1) is determined by two 2-dimensional analytic functions. In contrast to Ericksen's uniqueness theorem for the unit vector fields satisfying (1.1), these theorems tell us that there are a lot of more vector fields that satisfy (1.1) but are not of unit length.
In T 2 we prove Theorem 1.1, in T 3 we prove Theorem 1.2, and in T 4 we outline Ericksen's proof with a few variations.
The Analyticity
Since (1.1) only involves the first derivatives of i t is natural to assume that is differentiable. Theorem 1.1 states that the fact that satisfies (1.1) and that is differentiable imply that is analytic.
Recall the identity in vector analysis: 
It follows from a well-known theorem for the elliptic partial differential equations that must be analytic (cf. [ADN] , [E] , [F] , [GT] ).
Without the assumption that has continuous second derivatives, we show that
and Thus satisfies (2.2) in the distributional sense and therefore is analytic by the same well-known regularity theorem for elliptic partial differential equations we cited earlier.
The Existence and Uniqueness
The essential tool we use to prove Theorem 1.2 is the classical Cauchy-Kowalevskaya Theorem in partial differential equations. Many textbooks on partial differential equations have a proof on the theorem, and we refer the reader to [Ev] and [Di] for two such textbooks published recently.
First we notice that if
Also, notice that if
By the Cauchy-Kowalevskaya theorem, the following problem
has a unique analytic solution. Our task is to verify that the solution satisfies
We start with proving that
on By the uniqueness in the Cauchy-Kowalevskaya theorem, { must be a zero function.
Now we come to the proof of
To this end, we note that by
w hich we just proved,
This leads us to
Particularly on E we obtain from the equation above that
Note that above we have used
w hich follows from (3.1). As for k k 7 mq $ " 
